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(54) CARBON NANO-TUBE COMPOSITE MOLDED OBJECT AND METHOD FOR 
MANUFACTURING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a carbon nano-tube 
composite molded object capable of developing excellent 
anisotropic function not obtained heretofore with respect to 
properties such as electrical properties, thermal properties 
mechanical properties or the like, and a method for 
manufacturing the same. 

SOLUTION: The carbon nano-tube composite molded 
object 5 is molded in such a state that carbon nano-tubes 6 
are arranged in a matrix in a definite direction to be 
compounded with the matrix. As the matrix, at least one kind 
of an organic polymer selected from a thermoplastic resin, a 
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curable resin, rubber and a thermoplastic elastomer is preferable. The composite molded object 5 
is manufactured by injecting a composition, wherein the carbon nano- tubes 6 are contained in 
the matrix, in the molding recessed part of a mold and applying a magnetic field to the 
composition in a difinite direction by a magnet to arrange the carbon nano-tubes 6 in the definite 
direction to solidify the composition. 
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4 ** NOTICES * 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The carbon nanotube composite molding object characterized by being fabricated where a carbon 
nanotube is arranged and compounded in the fixed direction in a matrix. 

[Claim 2] The carbon nanotube composite molding object according to claim 1 characterized by matrices 
being at least one sort of organic giant molecules chosen from thermoplastics, hardenability resin, rubber, 
and thermoplastic elastomer. 

[Claim 3] The manufacture approach of the carbon nanotube composite molding object characterized by 
making it solidify and fabricating in the condition of having made the magnetic field impressing to the 
constituent which contains a carbon nanotube in a matrix, and having made the carbon nanotube arranging 
in the fixed direction. 

[Claim 4] The manufacture approach of the carbon nanotube composite molding object according to claim 3 
characterized by matrices being at least one sort of organic giant molecules chosen from thermoplastics, 
hardenability resin, rubber, and thermoplastic elastomer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] A carbon nanotube can arrange this invention in the fixed direction in a matrix, it 
can demonstrate an anisotropy function about properties, such as an electrical property, a thermal property, 
and a mechanical property, and it is related with the carbon nanotube composite molding object which can 
be used as electronic parts, a thermally conductive ingredient, a high intensity ingredient, etc., and its 
manufacture approach. 
[0002] 

[Description of the Prior Art] Conventionally, about a carbon nanotube and its manufacture approach, it is 
indicated by JP,5-125619,A, JP,7-216660,A, etc. According to those official reports, taking advantage of the 
specific function of a carbon nanotube, many interesting application development of an electron emission 
component, hydrogen storage, a thin film cell, a probe, a micro machine, semi-conductor very large scale 
integration, a conductive ingredient, a thermally conductive ingredient, a high intensity high elasticity 
ingredient, etc. is considered actively. 
[0003] 

[Problem(s) to be Solved by the Invention] However, as for the carbon nanotube composite molding object 
which solidifies the constituent which blended the conventional carbon nanotube with the matrix of resin, 
rubber and a metal, the ceramics, etc., and is acquired, what the carbon nanotube was distributing to the 
random sense in the matrix was main. Therefore, it was a direction-ingredient that functions, such as a 
mechanical property acquired, electrical conductivity, and the electron emission characteristic, also have the 
same function in any direction at random etc. 

[0004] It is possible to make a flow direction arrange a carbon nanotube by the approach of, fabricating the 
constituent which contains a carbon nanotube in a matrix on the other hand at the ** place which does not 
become thin flowing space, or extending a constituent etc. However, it is impossible to make a carbon 
nanotube arrange in the thickness direction of a tabular Plastic solid, and the array of a carbon nanotube was 
not able to be made to not necessarily control in the direction of arbitration by the approach of making a 
carbon nanotube arranging in the flow direction. 

[0005] Furthermore, the manufacture approach of growing up a carbon nanotube in the fixed direction in a 
gaseous phase is advocated by JP,1 1-1941 34, A and JP, 10-265208, A from catalyst molecules, such as iron 
arranged on the base, cobalt, and nickel. However, when a carbon nanotube is made to arrange in the fixed 
direction on a flat-surface substrate using this approach, only the composite molding object which the 
carbon nanotube arranged perpendicularly to the flat surface is acquired. Therefore, it was difficult to 
manufacture the carbon nanotube composite molding object of an arbitration configuration. 
[0006] This invention is made paying attention to the trouble which exists in the above-mentioned 
conventional technique. The place made into the purpose is by the former about properties, such as an 
electrical property, a thermal property, and a mechanical property, to offer the carbon nanotube composite 
molding object which can demonstrate the outstanding anisotropy function which was not obtained, and its 
manufacture approach. 
[0007] 

[Means for Solving the Problem] That is, the carbon nanotube composite molding object of invention 
according to claim 1 is characterized by being fabricated where a carbon nanotube is arranged and 
compounded in the fixed direction in a matrix. 

[0008] The carbon nanotube composite molding object of invention according to claim 2 is characterized by 



matrices being at least one sort of organic macromolecules chosen from thermoplastics, hardenability resin, 
rubber, and thermoplastic elastomer in invention according to claim 1 . 

[0009] The manufacture approach of the carbon nanotube composite molding object invention according to 
claim 3 is in the condition of having made the magnetic field impressing to the constituent which contains a 
carbon nanotube in a matrix, and having made the carbon nanotube arranging in the fixed direction, and is 
characterized by making it solidify and fabricating. 

[0010] The manufacture approach of the carbon nanotube composite molding object invention according to 
claim 4 is characterized by matrices being at least one sort of organic macromolecules chosen from 
thermoplastics, hardenability resin, rubber, and thermoplastic elastomer in invention according to claim 3. 
[001 1] Therefore, the carbon nanotube composite molding object which made the carbon nanotube arrange 
in the fixed direction of arbitration turns into a composite molding object which has the anisotropy from 
which the function demonstrated by the direction or its extent differs about properties, such as an electrical 
property peculiar to a carbon nanotube, a thermal property, and a mechanical property. 
[0012] For example, about an electrical property, electrical conductivity can be high in a specific direction 
as a conductive ingredient, and the addition of a carbon nanotube can discover fewer and high electrical 
conductivity as compared with the case where it is not arranged in the fixed direction. Moreover, the 
electron emission characteristic of a carbon nanotube can arrange a part for the end of many carbon 
nano tubes by the end face of a composite molding object as compared with the case where the electron 
emission from the end of a nanotube is considered to be the most efficient, and is not arranged in the fixed 
direction. 

[0013] When a carbon nanotube is made to arrange in the thickness direction of a tabular Plastic solid about 
a thermal property for example, a difference arises in parallel thermal conductivity and the thermal 
conductivity of the direction of a right angle to an array. That is, since the thermal conductivity of shaft 
orientations is larger than vertical thermal conductivity on a shaft, the direction of the thermal conductivity 
of the thickness direction of a tabular Plastic solid becomes large, and the carbon nanotube itself serves as 
an anisotropy ingredient. Make a carbon nanotube graphite-ize in this case, and make it in addition, more 
desirable for thermal conductivity to improve further. 

[0014] If an one direction perpendicular to the thickness direction of a tabular Plastic solid is made to 
arrange a carbon nanotube about mechanical characteristics for example, the anisotropy of an elastic 
modulus will arise and tensile strength, crookedness-proof reinforcement, etc. will improve rather than the 
other direction. 

[0015] In addition, an anisotropy can be discovered also in a magnetic property, coefficient of linear 
expansion, a dielectric property, an electric-wave absorption property, etc., and it can use for a sound 
deadener and various applications, such as a wave absorber. 
[0016] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained to a detail. The 
carbon nanotube composite molding object is fabricated where a carbon nanotube is arranged and 
compounded in the fixed direction in a matrix. This carbon nanotube composite molding object is fabricated 
by tabular, tubular, massive, and the configuration of other arbitration, and is used. 

[0017] Although not limited especially about the class or the manufacture approach of a carbon nanotube 
which are used by this invention, it is formed from carbon and a diameter makes the shape of a tube to nano 
meter order. For example, the carbon nanotube obtained by the manufacture approach indicated by each 
official report, such as JP,6-157016,A, JP,6-280116,A, JP, 10-203 8 10, A, and JP,11-11917,A, can be used. 
Although it is becoming general to use an arc discharge method, a laser evaporation method, a thermal 
decomposition method, the method of using plasma discharge, etc. are studied by composition of a carbon 
nanotube in recent years, and can also use the carbon nanotube obtained by those approaches for it. 
[0018] The carbon nanotube has the structure with which 6 angle mesh which a carbon atom constitutes was 
connected in the shape of a tube. As for the thing of one-sheet structure, the tube of 6 angle mesh is called a 
single Wall nanotube (it is hereafter called SWNT for short), and, on the other hand, what consists of tubes 
of multilayer 6 angle mesh is called the multi-wall nanotube (it is hereafter called MWNT for short). It is 
determined to some extent by a synthetic approach, conditions, etc. of what kind of structure a carbon 
nanotube is obtained. 

[0019] Although an amorphous carbon nano particle, fullerene, a metal nano particle, etc. are mixed in a 
carbon nanotube and coincidence as a by-product, these by-products may be contained in the product. Since 



ft is meltable to organic solvents, such as toluene, hydrogen disulfide, benzene, and a chlorobenzene, 
fullerene can be extracted. Moreover, since it is narrower than between the layers of a carbon nano particle 
or the piece of graphite between the layers of a carbon nanotube, it is possible to use this, only for a nano 
particle and the piece of graphite to form an intercalation compound alternatively, to make them sinter at 
low temperature more, and to remove. Consumption of the nanotube by the part and combustion to which 
processing temperature became low can be suppressed by this, and recovery increases. 
[0020] Moreover, although based also on a generation method, a carbon nanotube is the ingredient of a high 
aspect ratio, and has the structure with which what was generated became entangled intricately in many 
cases. Although you may make it distribute by ultrasonic distribution etc., these may carry out grinding 
processing on condition that predetermined [ desirable ], and may process the die length of a carbon 
nanotube shorter than a generate time. Although the approach of grinding processing is not limited, the 
method of using the ball mill containing the water containing dry grinding methods, such as shear and 
trituration, or a surface active agent, an organic solvent, etc., a homogenizer, etc. is adopted. 
[0021] The carbon nanotube used by this invention is not what was restricted to SWNT or MWNT. 
Furthermore, what contains a metal, or other inorganic substances and organic substance in a carbon 
nanotube, the thing with which carbon or other matter were filled up in the carbon nanotube, and a carbon 
nanotube can also use the thing of the shape of a coiled form (spiral) or fibril, and the other so-called nano 
fibers. Although the diameter and die length of a carbon nanotube are not limited, either, l-20nm and tube 
die length have [ the diameter of points, such as the ease of manufacture, and functional manifestation 
nature, to a carbon nanotube ] the range desirable [ moreover, ] of 50nm - 100 micrometers. 
[0022] Next, the matrix with which a carbon nanotube is blended is an ingredient used as the base material 
which blends a carbon nanotube. As this matrix, resin, rubber, thermoplastic elastomer, adhesives, a coating, 
ink, a metal, an alloy, the ceramics, cement, a gel object, paper, fiber, textile fabrics, a nonwoven fabric, etc. 
can be used. And a matrix can be chosen according to military requirements, such as the hardness of the 
composite molding object made into the purpose, a mechanical strength, thermal resistance, electrical 
characteristics, endurance, and dependability. At least one sort of organic macromolecules with which 
fabrication nature is chosen from easy thermoplastics, hardenability resin, rubber, and thermoplastic 
elastomer especially are suitable. 

[0023] As concrete thermoplastics, ethylene-alpha olefin copolymers, such as polyethylene, polypropylene, 
and ethylene propylene rubber, The poly methyl pentene, a polyvinyl chloride, a polyvinylidene chloride, 
polyvinyl acetate, An ethylene-vinylacetate copolymer, polyvinyl alcohol, a polyvinyl acetal, Fluorine 
system polymers, such as polyvinylidene fluoride and polytetrafluoroethylene, Polyethylene terephthalate, 
polybutylene terephthalate, polyethylenenaphthalate, Polystyrene, a polyacrylonitrile, a styrene acrylonitrile 
copolymer, ABS plastics, polyphenylene ether and denaturation PPE resin, aliphatic series, and aromatic 
polyamide Polymethacrylic acid ester, such as polyimide, polyamidoimide, polymethacrylic acid, and its 
methyl ester Thermoplastics, such as polyacrylic acid, a polycarbonate, a polyphenylene sulfide, the poly 
ape phone, polyether sulphone, polyether nitril, a polyether ketone, the poly ketone, a liquid crystal polymer, 
silicone resin, and an ionomer, etc. is mentioned. 

[0024] As hardenability resin, an epoxy resin, phenol resin, acrylic resin, urethane resin, polyimide resin, an 
unsaturated polyester resin, diallyl phthalate resin, dicyclopentadiene resin, benz-cyclo-butene resin, etc. are 
mentioned. In addition, about the hardening gestalt of hardenability resin, it is not limited to thermosetting, 
but the resin by the hardening approach according to conventional methods, such as a photoresist and 
moisture hardenability, can be used. 

[0025] Natural rubber or synthetic rubber can be used as rubber. As synthetic rubber, butadiene rubber, 
polyisoprene rubber, styrene butadiene rubber, nitrile rubber, hydrogenation nitrile rubber, chloroprene 
rubber, ethylene-propylene rubber, chlorinated polyethylene, chlorosulfonated polyethylene, isobutylene 
isoprene rubber and halogenation isobutylene isoprene rubber, a fluororubber, polyurethane rubber, silicone 
rubber, etc. are mentioned. 

[0026] As thermoplastic elastomer, a styrene-butadiene or a styrene-isoprene block copolymer, its 
hydrogenation polymer and a styrene thermoplastic elastomer, thermoplastic elastomer olefin, vinyl chloride 
system thermoplastic elastomer, thermoplastic elastomer polyester, polyurethane system thermoplastic 
elastomer, thermoplastic elastomer polyamide, etc. are mentioned. If recycle nature is taken into 
consideration, it is desirable to use above-mentioned thermoplastics or thermoplastic elastomer. 
[0027] It is desirable from a viewpoint of dependability to use at least one sort chosen from at least one sort 



chosen from silicone rubber, an epoxy resin, polyimide resin, a bismaleimide resin, benz-cyclo-butene resin, 
a fluororesin, and polyphenylene ether resin especially silicone rubber, an epoxy resin, and polyimide resin 
especially. 

[0028] Moreover, even if it blends the polymer alloy which consists of two or more organic macromolecules 
chosen from the above or blends additives, such as organic fiber, such as a well-known plasticizer, a filler 
and a curing agent, a carbon fiber, and a glass fiber, an aramid fiber, a stabilizer, and a coloring matter, it 
does not interfere. 

[0029] Moreover, it may be desirable, if an organic solvent and water are added and the viscosity of a 
constituent is reduced for the purpose which make it easy to arrange when it carries out or a magnetic field 
is impressed that it is easy to blend the carbon nanotube added in a matrix. Furthermore, distributed 
stabilizers, such as a surfactant, may be used in order to raise a distributed condition. 

[0030] As an amount of the carbon nanotube blended with a matrix, the range per matrix 100 weight section 
and of the 0.01 - 100 weight section is desirable. When an anisotropy function cannot fully be discovered 
when these loadings are under the 0.01 weight section, but exceeding the 100 weight sections, the 
dispersibility of the carbon nanotube in a matrix falls and is not desirable. As loadings [ additives / of the 
matrix material used in fact / a class, other additives, etc. ] of the carbon nanotube of the range which can 
arrange by the magnetic field and can discover an anisotropy function effectively although it changes with 
the magnetic field strength to be used, the range of 0.1 - 20 weight section is practical. 
[0031] Furthermore, in order to raise the wettability and the adhesive property of a carbon nanotube and a 
matrix material, it is desirable to perform cleaning processing and washing processing for the front face of a 
carbon nanotube beforehand, or to perform activation, such as UV irradiation processing, corona discharge 
treatment, plasma treatment, flame treatment, and ion-implantation processing. In addition, much more 
advanced features of the composite molding object acquired by becoming easy to carry out distributed 
mixing of still a lot of carbon nanotubes easily can be attained by processing by coupling agents, such as a 
silane system, and a titanium system, an aluminum system, after such surface preparation. 
[0032] Especially as an approach of distributing a carbon nanotube, it is not limited into a matrix. For 
example, what is necessary is to add the carbon nanotube of the specified quantity in the case of a liquefied 
giant molecule, and just to mix with a usual mixer and a usual blender to it. Furthermore, processing by the 
supersonic wave or vibration may be performed for the purpose which raises a mixed distribution condition. 
It is desirable to add degassing actuation by the vacuum or pressurization in order to remove the mixed air. 
In the case of solid-state giant molecules, such as a pellet and a powder configuration, the carbon nanotube 
of the specified quantity can be added, and kneading distribution can be carried out using kneading 
machines, such as the usual extruder, a kneader, and a roll. 

[0033] As magnetic field strength impressed in order to make a carbon nanotube arrange in the fixed 
direction, the range of 0.05-30 teslas is desirable as flux density. When flux density is less than 0.05 teslas, a 
carbon nanotube cannot be made to arrange in the fixed direction enough, when exceeding 30 teslas, 
magnetic field strength is superfluous, and the effectiveness of an array does not improve any more. 
Although it can set up experimentally according to the class of the matrix used in fact and carbon nanotube, 
an addition and the configuration of the carbon nanotube composite molding object which it is going to 
acquire, and the military requirement of a final product, as flux density which can make a carbon nanotube 
arrange effectively, the range of 5-20 teslas is practical. 

[0034] A permanent magnet, an electromagnet, a coil, etc. can be used as a generating means of the 
magnetic field impressed from the outside. In this invention, since the carbon nanotube which has 
diamagnetism can be made to arrange in parallel to line of magnetic force, the sense of a magnetic field 
should just arrange magnetic N pole and the magnetic south pole according to the desired array direction. In 
addition, even if it makes it arrange so that line of magnetic force may become curve-like, even if it arranges 
a magnet so that N pole and N pole may counter and arranges a magnet only in one side, it does not 
interfere. Namely, what is necessary is to adjust the sense of line of magnetic force and just to impress a 
magnetic field so that the anisotropy of the target function may be discovered. 

[0035] By the press-forming method, the extrusion method, the transfer-molding method, the calender 
fabricating method, etc., fabrication of the obtained mixed constituent can be carried out to tabular and 
which tubular and massive configuration to search for, and it can manufacture a composite molding object. 
Furthermore, it is also possible to process it in the shape of a thin film according to processes, such as paint 
and printing. Thus, the acquired carbon nanotube composite molding object was able to check the fact with 



the enlargement by the electron microscope, although the carbon nanotube was arranged in the fixed 
direction of arbitration. 

[0036] The effectiveness demonstrated according to the operation gestalt explained above is summarized to 
below, and is indicated. 

- As for the carbon nanotube composite molding object explained with the operation gestalt, the carbon 
nanotube is arranged in the fixed direction of arbitration. For this reason, in the direction where a carbon 
nanotube is prolonged, and the direction of other, properties, such as an electrical property, a thermal 
property, and a mechanical property, differ, and the outstanding anisotropy function which was not obtained 
can be demonstrated in the former. And a carbon nanotube can demonstrate an anisotropy function about a 
minute composite molding object from it being a very minute ingredient. 

[0037] - Such a carbon nanotube composite molding object can make the carbon nanotube in a matrix 
arrange in the fixed direction of arbitration efficiently by making a magnetic field impress to the constituent 
containing a carbon nanotube. 

[0038] - In addition to this, a carbon nanotube composite molding object can discover an anisotropy in a 
magnetic property, the electromagnetic-like property, coefficient of linear expansion, a dielectric property, 
etc. Therefore, it is possible to use for various applications, such as a pressure sensor, a pressure-sensitive 
switch, a magnetic-shielding ingredient, a magnetic-recording ingredient, and a magnetic filter. 
[0039] 

[Example] Hereafter, an example is given and said operation gestalt is explained still more concretely. In 
each example, what was produced based on the following synthetic examples was used for the carbon 
nanotube. Although the carbon nanotube composite molding object fabricated to tabular in each example 
and the example of a comparison is described, this invention is not limited to this. 

[0040] The thermal decomposition method using a catalyst as an example of the synthetic approach of the 
carbon nanotube used for below in each example is explained. This approach is almost the same as carbon 
fiber vapor growth. 

[0041] That is, ethylene and a propane are first introduced with hydrogen as material gas into a thermostat. 
In this case, as material gas, the raw material which contains oxygen, such as unsaturated hydrocarbon, such 
as saturated hydrocarbon, such as methane, ethane, a propane, butane, a hexane, and a cyclohexanone, 
ethylene, a propylene, benzene, and toluene, an acetone, a methanol, and a carbon monoxide, besides this is 
sufficient. 

[0042] Next, a carbon nanotube is made to generate by heated or cooling the above-mentioned material gas 
introduced into the thermostat, controlling vapor pressure, introducing into a pyrolysis furnace according to 
a hydrogen gas stream further, and carrying out the pyrolysis of ethylene and the propane as material gas. 
(Example 1) The manufacturing installation and the manufacture approach for manufacturing the tabular 
carbon nanotube composite molding object of this example are explained based on drawing 4 from drawing 
1. 

[0043] As shown in drawing 2 , while opposite arrangement of the metal mold la and lb of a pair is carried 
out, the shaping crevice 2 corresponding to the tabular carbon nanotube composite molding object made into 
the purpose is cut in the opposed face of one metal mold la. Both the metal mold la and lb is formed of 
aluminum, and coating processing of the inside of the shaping crevice 2 is carried out with the fluororesin. 
And the shaping crevice 2 of metal mold la and lb was filled up with the constituent 3 which carried out 1 
weight section addition and stirred the carbon nanotube to the thermosetting trade name EPO rack G- 
157MB] 100 weight section by unsaturated-polyester-resin [NIPPON SHOKUBAI Co., Ltd. 
[0044] Subsequently, as shown in drawing 3 , the mold clamp meal and the shaping crevice 2 were sealed 
for metal mold la and lb by the fixed pressure. Then, the magnets 4a and 4b of a pair have been arranged to 
the both ends of metal mold la and lb, and N pole and the south pole of Magnets 4a and 4b were made to 
counter, as shown in drawing 4 . That is, the ten-tesla magnetic field was impressed to the one direction 
parallel to the inner base of the shaping crevice 2, and it was made to harden in ordinary temperature for 30 
minutes. Then, the mold aperture of the metal mold la and lb was carried out, and the carbon nanotube 
composite molding object 5 was taken out from the shaping crevice 2. 

[0045] As shown in drawing 1 , the carbon nanotube 6 in the acquired tabular composite molding object 5 
was arranged in the fixed direction parallel to a vertical side (the top face or inferior surface of tongue of 
drawing 1 ). 

(Example 2) The carbon nanotube composite molding object 5 was acquired like the example 1 except 



having impressed the ten-tesla magnetic field in the direction perpendicular to the inner base of said shaping 
crevice 2. The carbon nanotube 6 in the acquired tabular composite molding object 5 was arranged to the 
vertical side and perpendicular direction of the composite molding object 5, as shown in drawin gj. . 
(Example 3) The shaping crevice 2 of the metal mold which shows the constituent which carried out 1 
weight section addition and stirred the carbon nanotube to drawing 2 was filled up to the thermosetting 
epoxy resin (trade name EPO tech 310 made from EPO-TECH) 100 weight section. Then, it was operated 
like the example 1 and the carbon nanotube composite molding object 5 was acquired. 
(Example 4) The shaping crevice 2 of metal mold la which shows the constituent which carried out 2 
weight sections addition and stirred the carbon nanotube to drawing 2 was filled up to the thermosetting 
epoxy resin ( EPO tech 310 made from EPO-TECH) 100 weight section. Then, it was operated like the 
example 1 and the carbon nanotube composite molding object was acquired. 
(Example 5) To the thermoplastic polycarbonate resin [trade name you pyrone S-2000 made from 
Mitsubishi Engineering plastics] 1 00 weight section, to the constituent which kneaded the carbon nanotube 
1 weight section with the screw extruder, the methylene chloride was added, and it stirred until it dissolved 
in the shape of [ uniform ] liquid. The shaping crevice 2 of metal mold la which showed the obtained 
solution to drawing 2 was filled up. Then, impressing a ten-tesla magnetic field to an one direction parallel 
to the inner base of the shaping crevice 2, heating solidification was carried out at 120 degrees C for 1 hour, 
and the carbon nanotube composite molding object 5 was acquired. 

(Example 6) The carbon nanotube composite molding object 5 was acquired like the example 5 except 
having impressed the ten-tesla magnetic field in the direction perpendicular to the inner base of the shaping 
crevice 2 of metal mold la. 

(Example 1 of a comparison) The shaping crevice 2 of metal mold la which shows the constituent 1 which 
carried out 1 weight section addition and stirred the carbon nanotube to drawing 2 was filled up to the 
thermosetting unsaturated-polyester-resin [trade name EPO rack [ G- 157MB of] by NIPPON SHOKUBAI 
Co., Ltd.] 100 weight section. Then, leave it for 30 minutes, it was made to harden in ordinary temperature, 
without impressing a magnetic field, and the carbon nanotube composite molding object was acquired. The 
carbon nanotube in the acquired compound Plastic solid was distributed in the random direction. 
(Example 2 of a comparison) The shaping crevice 2 of metal mold 1 a which shows the constituent which 
carried out 1 weight section addition and stirred the carbon nanotube to drawing 2 was filled up to the 
thermosetting epoxy resin ( EPO tech 310 made from EPO-TECH) 100 weight section. Then, leave it for 30 
minutes, it was made to harden in ordinary temperature, without impressing a magnetic field, and the carbon 
nanotube composite molding object was acquired. 

(Example 3 of a comparison) The shaping crevice 2 of metal mold la which shows the constituent which 
carried out 2 weight sections addition and stirred the carbon nanotube to drawing 2 was filled up to the 
thermosetting epoxy resin ( EPO tech 310 made from EPO-TECH) 100 weight section. Then, leave it for 30 
minutes, it was made to harden in ordinary temperature, without impressing a magnetic field, and the carbon 
nanotube composite molding object was produced. 

(Example 4 of a comparison) To the thermoplastic polycarbonate resin [trade name you pyrone S-2000 
made from Mitsubishi Engineering plastics] 100 weight section, to the pellet 100 weight section which 
kneaded the carbon nanotube 1 weight section with the screw extruder, the methylene chloride 70 weight 
section was added, and it stirred until the pellet dissolved completely. The shaping crevice 2 of metal mold 
la which showed the obtained solution to drawing 2 was filled up. Then, heating solidification was carried 
out at 120 degrees C for 1 hour, without impressing a magnetic field, and the carbon nanotube composite 
molding object was acquired. 

[0046] The storage modulus [ in / for the carbon nanotube composite molding object acquired by above- 
mentioned examples 1 , 2, and 5 and 6 lists in the examples 1 and 4 of a comparison / the frequency of 
1 1Hz ] E, a loss modulus E, and loss tangent tandelta were measured with the dynamic viscoelasticity 
measuring device [trade name LEO Vibron DDV-III made from Cage En Tech]. Those results were shown 
in Table 1 . 
[0047] 
[Table 1] 
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Moreover, the magnetic susceptibility [ in / for the carbon nanotube composite molding object acquired by 
an example 3 and 4 lists in the examples 2 and 3 of a comparison / 0-5T ] chi was measured with the SQUID 
magnetization measuring device (the product made from Quantum Design, MPMS-7). Those results were 
shown in Table 2. In addition, the measurement direction of the following table 2 to the table 4 expresses the 
semantics of a degree. 
[0048] 

Parallel: It measured to the sense and parallel direction of a carbon nanotube. 

Perpendicular: It measured to the sense and perpendicular direction of a carbon nanotube. 

Nothing: A carbon nanotube did not arrange in the fixed direction, but measured the sample distributed at 

random. 

[0049] 
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Furthermore, the electric resistance value of the carbon nanotube composite molding object acquired in the 
example 3 and the example 2 of a comparison was measured, and the result was shown in Table 3. In 
addition, an electric resistance value is a value which measured and computed the electrical potential 
difference between 2 terminals at the time of energizing the current of 1 mA of direct currents in the distance 
between terminals of 1mm. 
[0050] 
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Moreover, coefficient of linear expansion [ in / for the carbon nanotube composite molding object acquired 
by an example 1 and 2 lists in the example 1 of a comparison / the temperature of 30-200 degrees C ] was 
measured with the thermomechanical analysis measuring device (product made from METORA TMA-40, 
TA-3000). Those results were shown in Table 4. 
[0051] 
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The anisotropy of a table 2 which is the MAG is accepted from change of magnetic susceptibility chi 
especially about the example 3. Moreover, the anisotropy of electric resistance is accepted from an electric 
resistance value change about the example 3 of Table 3. Furthermore, the anisotropy of linear expansion is 
accepted from change of coefficient of linear expansion about the example 1 of Table 4. In addition, as 
shown in Table 1, in the example 1, it was larger than the direction where a direction parallel to the vertical 



side of a Plastic solid about a storage modulus E and a loss modulus E is perpendicular, and it turned out 
that the elastic modulus is excellent. 

[0052] In addition, said operation gestalt is changed as follows and this invention can also constitute it. 

- The direction of the magnetic field impressed to the constituent 3 containing a carbon nanotube may be set 
up in the direction of slant to the inner base of the shaping crevice 2 of metal mold la into a matrix. 
[0053] - Coats, such as a ferromagnetic ingredient, may be formed on the surface of a carbon nanotube, and 
you may constitute so that a carbon nanotube may be arranged effectively. Thus, if constituted, an 
anisotropy can be demonstrated more effectively. 

[0054] - Carbon fibers, such as graphitized-carbon fiber, can also be blended with a matrix with a carbon 
nanotube. Thus, when constituted, an anisotropy can be demonstrated also about thermal conductivity and 
electric insulation. 

[0055] - A metal, the ceramics, the other inorganic substances, or those precursors can be used as a matrix, a 
magnetic field can be impressed in the state of a melting condition or solvent distribution, it can calcinate 
after cooling solidification or desiccation after that, and a composite molding object can be manufactured. 
For example, the aluminium alloy constituent which blended the carbon nanotube is held in the container of 
a predetermined configuration, and carries out melting, a magnetic field can be impressed in the condition, a 
carbon nanotube can be made to be able to arrange in the fixed direction, cooling solidification of it can be 
carried out, and a composite molding object can be manufactured. Furthermore, hold constituents which 
blended the carbon nanotube, such as phenol resin and an epoxy resin, in the container of a predetermined 
configuration, and they carry out melting, impress a magnetic field in the condition and a carbon nanotube is 
made to arrange in the fixed direction, it can calcinate after drying it, a matrix can be made to be able to 
carbonize or graphitize, and a carbon nanotube carbon composite molding object can be manufactured. 
Thus, when constituted, anisotropics, such as hardness of a composite molding object, a mechanical 
strength, thermal resistance, electrical characteristics, and endurance, can be made to discover. 
[0056] Furthermore, the technical thought grasped from said operation gestalt is indicated below. 

- For l-20nm and die length, a diameter is [ a carbon nanotube ] the carbon nanotube composite molding 
object according to claim 1 or 2 it is [ object ] 50nm - 100 micrometers. Thus, when constituted, while being 
able to manufacture a carbon nanotube easily, the anisotropy function of a carbon nanotube composite 
molding object can be made to discover effectively. 

[0057] - The loadings of a carbon nanotube are a carbon nanotube composite molding object according to 
claim 1 or 2 which is 0.1 - 20 weight section to a matrix. Thus, when constituted, by the magnetic field, the 
array of a carbon nanotube can be possible and an anisotropy function can be discovered effectively. 
[0058] - Magnetic field strength is the manufacture approach of the carbon nanotube composite molding 
object according to claim 3 or 4 which is 5-20 teslas as flux density. According to this approach, a carbon 
nanotube can be made to arrange effectively. 
[0059] 

[Effect of the Invention] According to this invention, the following effectiveness can be demonstrated as 
explained in full detail above. 

[0060] According to the carbon nanotube composite molding object of invention according to claim 1, by 
the former, the outstanding anisotropy function which was not obtained can be demonstrated about 
properties, such as an electrical property, a thermal property, and a mechanical property. 
[0061] According to the carbon nanotube composite molding object of invention according to claim 2, in 
addition to the effect of the invention according to claim 1, it excels in the fabrication nature for acquiring a 
request configuration. According to the manufacture approach of the carbon nanotube composite molding 
object invention according to claim 3, the carbon nanotube composite molding object which does so an 
effect of the invention according to claim 1 can be acquired efficiently. 

[0062] According to the manufacture approach of the carbon nanotube composite molding object invention 
according to claim 4, in addition to the effect of the invention according to claim 3, it excels in the 
fabrication nature for acquiring a request configuration. 
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